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(57) ABSTRACT

In one aspect, a method is provided. The method includes
the steps of (1) sharing memory bandwidth between a
processor and one or more direct memory access (DMA)
engines; (2) providing memory bandwidth to a DMA engine;
(3) starting a data transfer between a memory and the DMA
engine, via the memory bandwidth, based on a first preemp-
tion boundary value, wherein the data transfer may be
preempted after transferring an amount of data equal to an
integral multiple of the first preemption boundary value; (4)
while transferring data between the memory and DMA
engine, determining whether a request for memory band-
width is received from the processor, wherein the processor
is in an interrupt state; and (5) if so, adjusting the first
preemption boundary value such that the adjusted preemp-
tion boundary value enables the processor to receive
memory bandwidth sooner than the first preemption bound-
ary value. Numerous other aspects are provided.
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METHODS AND APPARATUS FOR SHARING
MEMORY BANDWIDTH

FIELD OF THE INVENTION

[0001] The present invention relates generally to proces-
sors, and more particularly to methods and apparatus for
sharing memory bandwidth.

BACKGROUND

[0002] A conventional apparatus that shares memory
bandwidth between a processor and a direct memory access
(DMA) engine employs a preemption boundary value that is
determined before operation of the apparatus (e.g., prede-
termined). During operation of the apparatus, data trans-
ferred between a memory and the processor or DMA engine,
via the memory bandwidth, may be interrupted and/or
preempted based on the predetermined preemption bound-
ary value. However, such a predetermined preemption
boundary value may not allow the processor to efficiently
share memory bandwidth. Accordingly, improved methods
and apparatus are desired for sharing memory bandwidth.

SUMMARY OF THE INVENTION

[0003] In a first aspect of the invention, a first method is
provided. The first method includes the steps of (1) sharing
memory bandwidth between a processor and one or more
direct memory access (DMA) engines; (2) providing
memory bandwidth to a DMA engine; (3) starting a data
transfer between a memory and the DMA engine, via the
memory bandwidth, based on a first preemption boundary
value, wherein the data transfer may be preempted after
transferring an amount of data equal to an integral multiple
of the first preemption boundary value; (4) while transfer-
ring data between the memory and DMA engine, determin-
ing whether a request for memory bandwidth is received
from the processor, wherein the processor is in an interrupt
state; and (5) if a request for memory bandwidth is received
from the processor in the interrupt state, adjusting the first
preemption boundary value such that the adjusted preemp-
tion boundary value enables the processor to receive
memory bandwidth sooner than the first preemption bound-
ary value.

[0004] In a second aspect of the invention, a second
method is provided. The second method includes the steps of
(1) sharing memory bandwidth between a processor and one
or more direct memory access (DMA) engines; (2) provid-
ing memory bandwidth to a DMA engine; (3) starting a data
transfer between a memory and the DMA engine, via the
memory bandwidth, based on a first and second preemption
boundary values, wherein the data transfer may be pre-
empted after transferring an amount of data equal to an
integral multiple of at least one of the first and second
preemption boundary values and wherein the first preemp-
tion boundary value is smaller than the second preemption
boundary value; (4) determining whether an amount of data
equal to an integral multiple of at least one of the first and
second preemption boundary values is transterred; (5) if an
amount of data equal to an integral multiple of the first
preemption boundary value is transferred, determining
whether a request for memory bandwidth is received from a
processor in an interrupt state; and (6) if a request for
memory bandwidth is received from a processor in an
interrupt state, providing memory bandwidth to the proces-
sor in the interrupt state.

Jul. 13,2006

[0005] In a third aspect of the invention, a first apparatus
is provided. The first apparatus includes (1) a processor; (2)
one or more DMA engines; (3) a memory; (4) an arbiter for
coupling the processor and one or more DMA engines to the
memory, thereby defining a memory bandwidth; and (5)
logic coupled to the memory and arbiter. The logic is
adapted to (a) share memory bandwidth between the pro-
cessor and one or more direct memory access (DMA)
engines; (b) provide memory bandwidth to a DMA engine;
(c) start a data transfer between the memory and the DMA
engine, via the memory bandwidth, based on the first
preemption boundary value, wherein the data transfer may
be preempted after transferring an amount of data equal to
an integral multiple of the first preemption boundary value;
(d) while transferring data between the memory and DMA
engine, determine whether a request for memory bandwidth
is received from the processor, wherein the processor is in an
interrupt state; and (e) if a request for memory bandwidth is
received from the processor in the interrupt state, adjust the
first preemption boundary value such that the adjusted
preemption boundary value enables the processor to receive
memory bandwidth sooner than the first preemption bound-
ary value.

[0006] In a fourth aspect of the invention, a second appa-
ratus is provided. The second apparatus includes (1) a
processor; (2) one or more direct memory access (DMA)
engines; (3) a memory; (4) an arbiter for coupling the
processor and one or more DMA engines to the memory,
thereby defining a memory bandwidth; and (5) logic coupled
to the memory and arbiter. The logic is adapted to (a) share
memory bandwidth between the processor and one or more
DMA engines; (b) provide memory bandwidth to a DMA
engine; (c) start a data transfer between the memory and the
DMA engine, via the memory bandwidth, based on a first
and second preemption boundary values, wherein the data
transfer may be preempted after transferring an amount of
data equal to an integral multiple of at least one of the first
and second preemption boundary values and wherein the
first preemption boundary value is smaller than the second
preemption boundary value; (d) determine whether an
amount of data equal to an integral multiple of at least one
of the first and second preemption boundary values is
transferred; (e) if an amount of data equal to an integral
multiple of the first preemption boundary value is trans-
ferred, determine whether a request for memory bandwidth
is received from the processor in an interrupt state; and (f)
if a request for memory bandwidth is received from the
processor in an interrupt state, provide memory bandwidth
to the processor in the interrupt state. Numerous other
aspects are provided in accordance with these and other
aspects of the invention.

[0007] Other features and aspects of the present invention
will become more fully apparent from the following detailed
description, the appended claims and the accompanying
drawings.

BRIEF DESCRIPTION OF THE FIGURES
[0008] FIG. 1 is a block diagram of an apparatus for
sharing memory bandwidth in accordance with an embodi-
ment of the present invention.
[0009] FIG. 2 illustrates a first exemplary method for

sharing memory bandwidth in accordance with an embodi-
ment of the present invention.

[0010] FIG. 3 illustrates a process flow of a second
exemplary method for sharing memory bandwidth in accor-
dance with an embodiment of the present invention.
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DETAILED DESCRIPTION

[0011] The present invention provides methods and appa-
ratus for efficiently sharing memory bandwidth between a
processor and one or more DMA engines. More specifically,
data is transferred between a memory and the processor or
one of the one or more DMA engines, via a memory
bandwidth, based on a preemption boundary value. A data
transfer may be interrupted and/or preempted when an
amount of data transferred equals an integral multiple of the
preemption boundary value. The present methods and appa-
ratus may adjust the preemption boundary value during the
data transfer such that memory bandwidth is shared, and
consequently, data is transferred efficiently between the
memory and the processor and/or between the memory and
a DMA engine. Alternatively or additionally, the present
methods and apparatus may employ a first and second
preemption boundary values during the data transfer such
that memory bandwidth is shared, and consequently, data is
transferred efficiently between the memory and the proces-
sor and/or between the memory and a DMA engine.

[0012] FIG. 1 is a block diagram of an apparatus for
sharing memory bandwidth in accordance with an embodi-
ment of the present invention. With reference to FIG. 1, the
apparatus 100, which may be an integrated circuit (IC), such
as a system on a chip (SOC), includes one or more process-
ing units (e.g., one or more processors 102) (only one
shown) and one or more direct memory access (DMA)
engines 104 (only one shown) coupled to a memory 106
(e.g., DRAM or the like) via an arbiter 108. The arbiter 108
provides the processor 102 and one or more DMA engines
104 with access to the memory 106. Therefore, the arbiter
108 defines a bandwidth to the memory 106 which may be
employed to transfer data between the memory 106 and the
processor 102 or a DMA engine 104.

[0013] The processor 102 may access the memory 106, via
the memory bandwidth, to execute an instruction (e.g., from
an operating system (OS) or an application running on the
apparatus 100) or read and write data. The processor 102
may operate in a user state in which the processor 102
executes instructions (e.g., application instructions), which
may not urgently require access to the memory 106. In
contrast, in response to receiving an interrupt signal (INT)
on a processor input 110, the processor 102 operates in an
interrupt (or exception) state, in which the processor 102
may switch tasks to execute instructions (e.g., OS instruc-
tions) that urgently require access to memory 106. A DMA
engine 104 may also access the memory 106 of the apparatus
100 to load code or data into the memory 106.

[0014] To access the memory 106 via the memory band-
width, the processor 102 or DMA engine 104 may request
access to (e.g., control of) the arbiter 108. The apparatus 100
includes a memory controller 112 for sharing memory
bandwidth (e.g., access to the arbiter). For example, the
memory controller 112 may receive requests for memory
bandwidth from a plurality of requestors (e.g., the processor
102 and one or more DMA engines 104). Priorities may be
associated with such requests. For example, a processor 102
in an interrupt state urgently requires memory bandwidth
(and therefore, access to the arbiter). Therefore, a request
from such processor 102 may be assigned a higher priority
than a request from a DMA engine 104 (although relative
priorities associated with such requests may be different).
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The memory controller 112 is adapted to determine the
highest-priority requestor and grant control of the arbiter
108 (e.g., arbitrate), thereby providing memory bandwidth,
to such requester. The memory controller 112 includes any
suitable combination of logic, registers, memory or the like.
For example, the memory controller 112 may include one or
more registers 114 (only one shown) for storing respective
preemption boundary values. The preemption boundary
value indicates when a data transfer between the memory
106 and a requester (e.g., a processor 102 or DMA engine
104) may be interrupted and/or preempted, such that the
memory controller 112 may provide memory bandwidth for
a request from another requester. In this manner, the pre-
emption boundary value specifies boundaries at which the
memory controller 112 will rearbitrate. Further, the memory
controller 112 may include logic 116 (e.g., preemption
boundary adjustment logic) adapted to adjust the preemption
boundary value such that memory bandwidth may be shared
efficiently, and consequently, data may be transferred effi-
ciently between the memory 106 and the processor 102 and
between the memory and a DMA engine.

[0015] The operation of the apparatus 100 for sharing
memory bandwidth is now described with reference to FIG.
1 and with reference to FIG. 2 which illustrates a first
exemplary method for sharing memory bandwidth in accor-
dance with an embodiment of the present invention. With
reference to FIG. 2, in step 202, the method 200 begins. In
step 204, memory bandwidth is shared between a processor
and one or more direct memory access (DMA) engines.
More specifically, as stated, the apparatus 100 includes an
arbiter 108 that provides the processor 102 and one or more
DMA engines 104 with access to the memory 106. There-
fore, the arbiter 108 defines a bandwidth to the memory 106
which may be employed to transfer data between the
memory 106 and the processor 102 or a DMA engine 104.
In this manner, the memory bandwidth is shared between the
processor 102 and one or more DMA engines 104.

[0016] In step 206, memory bandwidth is provided to a
DMA engine. More specifically, in response to receiving
requests from one or more DMA engines 104 and/or pro-
cessor 102, the memory controller 112 may determine a
request from one of the DMA engines 104 is of a higher
priority than requests from other requestors, such as the
processor 102 and remaining DMA engines 104, and there-
fore, determine the DMA engine is a higher priority
requestor of memory bandwidth than the processor 102 and
remaining DMA engines 104. Therefore, the memory con-
troller 112 provides memory bandwidth to the DMA engine
104.

[0017] In step 208, a data transfer is started between a
memory and the DMA engine, via the memory bandwidth,
based on a first preemption boundary value, wherein the data
transfer may be interrupted and preempted after transmitting
an amount of data equal to an integral multiple of the first
preemption boundary value. Bursts of data may need to be
transferred between the memory 106 and the DMA engine
104. For example, 1024 bytes of data may need to be
transferred between the memory 106 and the DMA engine
104 (although a larger or smaller amount of data may need
to be transferred). The larger a portion of such burst that is
transferred between the memory 106 and DMA engine 104
without preemption by another request (e.g., a higher-
priority request), the more efficient the DMA data transfer.
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Therefore, the first preemption boundary value, which is
stored in the register 114 of the memory controller 112, is
chosen such that a large portion of the DMA burst may be
transferred without interruption and/or preemption, which
may result in the best DMA performance. For example, the
first preemption boundary value may be 512 bytes (although
a larger or smaller value may be employed). Therefore, once
a data transfer between the memory 106 and DMA engine
104 commences, the data transfer may not be interrupted
and/or preempted until at least an integral multiple of the
first preemption boundary value (e.g., 1x512 bytes) of data
have been transferred. However, although the first preemp-
tion boundary value may enable efficient data transfer
between the memory 106 and DMA engine 104, such value
may not provide memory bandwidth to a request received by
a higher-priority requester, such as a processor in an inter-
rupt state, until at least 512 bytes of data are transferred
between the memory 106 and DMA engine 104. Conse-
quently, maintaining the first preemption boundary value
during operation of the apparatus 100 may result in an
inefficient sharing of memory bandwidth (e.g., with the
processor 102).

[0018] Therefore, in step 210, while transferring data
between the memory 102 and DMA engine 104, it is
determined whether a request for memory bandwidth is
received from the processor 102, wherein the processor 102
is in an interrupt state. More specifically, while transferring
data between the memory 106 and DMA engine 104, the
apparatus 100 may receive a request for memory bandwidth
from a higher priority requester than the DMA engine 104,
such as the processor 102 in an interrupt state. The memory
controller 112 may determine whether such request is
received.

[0019] If, in step 210, it is determined a request for
memory bandwidth is not received from the processor 102
in an interrupt state, step 212 is performed. In step 212, the
data transfer between the memory 106 and DMA engine 104
continues based on the first preemption boundary value.
Therefore, the data transfer between the memory 106 and
DMA engine 104 may only be interrupted and/or preempted
after transmitting an amount of data equal to an integral
multiple of the first preemption boundary value. In the
example above, the data transfer may only be interrupted
and/or preempted after 512 bytes of data are transferred,
because when an amount of data equal to the next integral
multiple of the first preemption boundary value (e.g., 1024
bytes) is transterred, the DMA burst is complete. Thereafter,
step 216 is performed. In step 216, the method 200 ends.

[0020] Alternatively, if, in step 210, it is determined a
request for memory bandwidth is received from the proces-
sor 102 in an interrupt state, step 214 is performed. In step
214, the first preemption boundary value is adjusted such
that the adjusted preemption boundary value enables the
processor 102 to receive memory bandwidth sooner than the
first preemption boundary value. For example, the first
preemption boundary value is adjusted such that the adjusted
preemption boundary value enables data transfer between
the memory 106 and the DMA engine 104 to be interrupted
and/or preempted sooner. More specifically, the first pre-
emption boundary value may be reduced. Logic 116 (e.g.,
preemption boundary adjustment logic) adjusts the first
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preemption boundary value. The adjusted preemption
boundary value may be stored in the memory controller
register 114.

[0021] In this manner, the adjusted preemption boundary
value may be employed to reduce the amount of data that
must be transferred between the memory 106 and a requester
(e.g., DMA engine 104) before such data transfer may be
interrupted and/or preempted. Consequently, the memory
controller 112 may provide memory bandwidth to a request
from another requester, such as the processor in interrupt
state that may be executing an instruction which urgently
requires memory bandwidth, sooner, which may result in the
best processor performance. In this manner, the memory
controller 112 may provide rearbitration within a DMA
burst.

[0022] Additionally, once the first preemption boundary
value is adjusted to the adjusted preemption boundary value,
the data transfer between the memory 106 and the DMA
engine 104 may continue based on the adjusted preemption
boundary. More specifically, although the data transfer
between the memory 106 and DMA engine 104 is started
based on a first preemption boundary, once the preemption
boundary is adjusted during the transfer, the data transfer
between the memory 106 and DMA engine 104 continues
based on the adjusted preemption boundary. Therefore, the
data transfer may be interrupted and/or preempted after
transmitting an amount of data equal to an integral multiple
of the adjusted preemption boundary value. For example,
after the apparatus 100 transmits the first 32 bytes of the
1024 byte DMA burst between the memory 106 and DMA
engine 104, the memory controller 112 may receive a
request for memory bandwidth from the processor 102 in an
interrupt state, and in response, adjust the first preemption
boundary value of 512 bytes to an adjusted preemption
boundary value of 128 bytes (although a larger or smaller
adjusted preemption boundary value may be employed).
Consequently, remaining data of the 1024 byte DMA burst
is transferred based on the adjusted preemption boundary
value, and therefore, may be interrupted and/or preempted
after transmitting an amount of data equal to an integral
multiple of 128 bytes. For example, the data transfer
between the memory 106 and DMA engine 104 may be
interrupted and/or preempted after 128 bytes of data is
transmitted between the memory 106 and DMA engine 104.
In contrast, if the data transfer was still based on the first
preemption boundary value, the data transfer may not be
interrupted and/or preempted until 512 bytes of data was
transferred. In this manner, memory latency may be reduced
(e.g., for the processor request).

[0023] Additionally, after interrupting the data transfer
based on the adjusted preemption boundary value, the
memory controller 112 may provide control of the arbiter
108, and consequently, memory bandwidth, to the processor
102 in an interrupt state (e.g., after determining the proces-
sor request is the highest-priority request for memory band-
width). In this manner, the data transfer between the memory
106 and DMA engine 104 may be preempted. Data is
transferred between the memory 106 and processor 102 via
the memory bandwidth based on the adjusted preemption
boundary value. In some embodiments, 32 bytes of data may
be transmitted between the memory 106 and processor 102
(although a larger or smaller amount of data may be trans-
ferred).
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[0024] Additionally, thereafter, the adjusted preemption
boundary value (e.g., first adjusted preemption boundary
value) may be adjusted to a second adjusted preemption
boundary value, such that the second adjusted preemption
boundary value enables a DMA engine to transmit more data
without an interruption and/or preemption than the first
adjusted preemption boundary value. For example, the
adjusted preemption boundary value may be increased. In
one embodiment, the second adjusted preemption boundary
value may be the first preemption boundary value (although
a larger or smaller value may be employed). For example,
the adjusted preemption boundary value may be adjusted
from 128 bytes to a second adjusted preemption boundary
value of 512 bytes.

[0025] The apparatus 100 may provide memory band-
width to a DMA engine 104, such as the DMA engine 104
whose DMA burst was interrupted and preempted (e.g., after
the memory controller 112 determines a request from such
DMA engine 104 for memory bandwidth is the highest-
priority request). The data transfer (e.g., interrupted and
preempted data transfer) between the memory 106 and such
DMA engine 104 may commence (e.g., in this case con-
tinue) based on the second adjusted preemption boundary
value, which as stated, enables the DMA engine to transfer
more data without an interruption than the first adjusted
preemption boundary value. In this manner, a large amount
of data may be transferred between the memory 106 and
DMA engine 104 without interruption and/or preemption,
which results in efficient data transfer between the memory
106 and DMA engine 104.

[0026] Thereafter, step 216 is performed. In step 216, the
method 200 ends.

[0027] Through use of the method 200 for sharing
memory bandwidth, a preemption boundary value employed
during the data transfer may be adjusted (e.g., dynamically)
during operation of the apparatus 100 such that memory
bandwidth is shared efficiently, and consequently, data is
transferred efficiently between the memory and the proces-
sor and/or between the memory and a DMA engine. More
specifically, the preemption boundary value is adjusted such
that a large amount of data may be transferred between the
memory 106 and DMA engine 104 without interruption
and/or preemption when the DMA engine 104 is the highest-
priority requester, thereby enabling efficient data transfer
between the memory 106 and DMA engine 104. However,
if a higher-priority request (e.g., from a processor in an
interrupt state) for memory bandwidth is received during the
DMA transfer, the preemption boundary value is adjusted
such that the adjusted preemption boundary value enables
the processor to receive memory bandwidth sooner than
with the previous preemption boundary value.

[0028] In this manner, the present methods and apparatus
avoid a disadvantage (e.g., inefficient data transfer between
the memory 106 and a DMA engine 104) of maintaining a
low preemption boundary value and a disadvantage (e.g.,
inefficient data transfer between the memory 106 and a
processor 102) of maintaining a high preemption boundary
value during operation of the apparatus 100.

[0029] Alternatively, the present methods and apparatus
may employ a first and second preemption boundary values
during a data transfer such that memory bandwidth is shared,
and consequently, data is transferred efficiently between the
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memory and the processor and/or between the memory and
a DMA engine. FIG. 3 illustrates a process flow of a second
exemplary method for sharing memory bandwidth in accor-
dance with an embodiment of the present invention. An
apparatus similar to the apparatus 100 for sharing memory
bandwidth may be employed to perform the second exem-
plary method. In some embodiments, such apparatus may or
may not include the preemption boundary adjustment logic
116. With reference to FIG. 3, in step 302, the process 300
begins. In step 302, the memory controller 112 may share
memory bandwidth between one or more processors 102 and
one or more direct memory access (DMA) engines 104 by
arbitrating. More specifically, the memory controller 112
may receive a plurality of requests (e.g., from requesters,
such as the one or more processors 102 and/or one or more
DMA engines 104) and determine the highest-priority
requestor.

[0030] If, in step 302, the memory controller 102 deter-
mines a processor is the highest priority requester, step 304
may be performed. In step 304, the processor 102 may be
provided with memory bandwidth. More specifically, the
memory controller 112 may grant control of the arbiter 108,
thereby providing memory bandwidth, to such processor
102. Consequently, the apparatus 100 may transfer data
between the processor 102 and memory 106. Thereafter, step
306 may be performed. In step 306, the data transfer
between the processor 102 and memory 106 may complete.
Therefore, the processor 102 may no longer require memory
bandwidth. Thus, thereafter, step 302 may be performed, in
which the memory controller 112 may arbitrate (e.g., rear-
bitrate) to share memory bandwidth.

[0031] Alternatively, if, in step 302, the memory controller
112 determines a DMA engine 104 is the highest priority
requester, step 308 may be performed. In step 308, the
memory controller 112 may grant control of the arbiter 108,
thereby providing memory bandwidth, to such DMA engine
104. Therefore, the apparatus 100 may begin to transfer data
between the DMA engine 104 and memory 106. As stated,
a large amount of data may need to be transferred between
the DMA engine 104 and memory 106. For example, 1024
bytes of data may need to transferred (although a larger or
smaller amount of data may need to be transferred). Further,
the larger a portion of such data transferred between the
memory 106 and DMA engine 104 without preemption by
another request (e.g., a higher-priority request) is, the more
efficient the data transfer. Thereafter, step 310 is performed.
In step 310, data may be transferred between the DMA
engine 104 and memory 106 until a preemption boundary
(e.g., a first and/or second preemption boundary) is reached
or such data transfer completes. As stated, a preemption
boundary value indicates when a data transfer between the
memory 106 and a requestor (e.g., a processor 102 or DMA
engine 104) may be interrupted and/or preempted, such that
the memory controller 112 may provide memory bandwidth
for a request from another requester. In this manner, a first
portion of such data transfer or the entire data transfer may
complete. For example, an entire data transfer between the
DMA engine 104 and memory 106 may complete before
transferring an amount of data equal to an integral multiple
of a preemption boundary value.

[0032] Once the data transfer has been interrupted or
completes, in step 312, it is determined whether the data
transfer between the DMA engine 104 and memory 106
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completes. If, in step 312, it is determined that the data
transfer between the DMA engine 104 and memory 106
(e.g., DMA transfer) completes, the DMA engine 104 may
no longer require memory bandwidth. Thus, thereafter, step
302 may be performed, in which the memory controller 112
may arbitrate (e.g., rearbitrate) to share memory bandwidth.

[0033] Alternatively, if, in step 312, it is determined the
DMA transfer does not complete, a preemption boundary
may have been reached during the data transfer. More
specifically, the memory controller 112 may determine an
amount of data equal to an integral multiple of a first and/or
second preemption boundary, which is larger than the first
preemption boundary, is transferred, and therefore, a pre-
emption boundary is reached. In step 314, it is determined an
amount of data equal to an integral multiple of a first or
second preemption boundary is reached. For example, the
memory controller 112 may determine whether the first or
second preemption boundary is reached. More specifically,
the memory controller 112 may determine whether an
amount of data equal to an integral multiple of the first or
second preemption boundary value is transferred. If; in step
314, it is determined that a first preemption boundary is
reached, step 316 may be performed. It should be noted that
if, in step 314, the first and second preemption boundaries
are reached, step 316 is performed. In step 316, it is
determined whether a request for memory bandwidth from
a processor in an interrupt state is received. More specifi-
cally, the memory controller 112 may determine whether a
processor 102 in an interrupt state requires memory band-
width. If it is determined, in step 316, that a request is
received from a processor in an interrupt state, the data
transfer between the DMA engine 104 and memory 106 may
be preempted. More specifically, step 318 may be per-
formed.

[0034] In step 318, memory bandwidth is provided to the
processor 102 and a data transfer between such processor
102 and the memory 106 completes. More specifically, the
memory controller 112 may provide the processor 102 in an
interrupt state (e.g., a processor that urgently requires
memory bandwidth) with memory bandwidth, thereby
enabling a data transfer between such processor 102 and the
memory 106 to complete. In this manner a DMA transfer
may be preempted by a request for memory bandwidth from
a processor in an interrupt state. Once the data transfer
between such processor 102 and the memory 106 completes,
the processor 102 may no longer require access to memory
bandwidth. Thus, thereafter, step 308 may be performed, in
which the DMA engine 104 is provided with memory
bandwidth. In this manner, the DMA transfer which was
interrupted and preempted when such transfer reached the
first preemption boundary may continue (e.g., until comple-
tion or another preemption boundary is reached).

[0035] Alternatively, if, in step 316, it is determined a
request for memory bandwidth is not received from a
processor in an interrupt state, a processor 102, which may
be a higher priority requester than a DMA engine 104, may
not require memory bandwidth. Thus, thereafter, step 308
may be performed, in which, as stated, the DMA engine 104
is provided with memory bandwidth and the interrupted
DMA transfer may continue (e.g., until completion or
another preemption boundary is reached).
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[0036] Alternatively and/or additionally, if in step 314, it
is determined that a second preemption boundary is reached,
step 320 may be performed. However, as stated, it should be
noted that if, in step 314, the first and second preemption
boundaries are reached, step 316 is performed. In step 320,
it is determined whether a request for memory bandwidth is
received from a processor 102. More specifically, the
memory controller 112 may determine whether a processor
102 requires memory bandwidth. If, in step 320, it is
determined that a request is received from a processor 102,
the data transfer between the DMA engine 104 and memory
106 may be preempted. More specifically, step 318 may be
performed. As stated, in step 318, memory bandwidth is
provided to the processor 102 and a data transfer between
such processor 102 and the memory 106 completes. In this
manner a DMA transfer may be preempted by request for
memory bandwidth from a processor 102.

[0037] However, if, in step 320, it is determined that a
request from a processor 102 for memory bandwidth is not
received, a processor 102 may not require memory band-
width. Thus, thereafter, step 308 may be performed, in
which, as stated, the DMA engine 104 is provided with
memory bandwidth and the interrupted DMA transfer may
continue (e.g., until completion or another preemption
boundary is reached).

[0038] Through use of the method 300 for sharing
memory bandwidth, first and second preemption boundary
values may be employed during a data transfer such that
memory bandwidth is shared efficiently, and consequently,
data is transferred efficiently between the memory 106 and
the processor 102 and/or between the memory 106 and a
DMA engine 104. More specifically, the first and second
preemption boundary values are employed such that a large
amount of data may be transferred between the memory 106
and DMA engine 104 without preemption when the DMA
engine 104 is the highest-priority requester, thereby enabling
efficient data transfer between the memory 106 and DMA
engine 104. However, if a higher-priority request (e.g., from
a processor in an interrupt state) for memory bandwidth is
received during the DMA transfer, the transfer between the
DMA engine 104 and memory 106 may be preempted after
an integral multiple of the first preemption boundary value
of data is transferred. Consequently, the apparatus 100
enables the processor 102 to receive memory bandwidth
sooner than with single larger preemption boundary value.
Further, the apparatus 100 may not preempt a DMA transfer
until a request for memory bandwidth from a higher priority
requester is received.

[0039] The first and second preemption boundary values
may be chosen such that a large portion (or all) of a DMA
transfer may complete without preemption (based on the
second preemption boundary value) as long as a request
from a processor in an interrupt state is not received.
However, if a request for memory bandwidth is received
from a processor in an interrupt state, the DMA transfer may
be preempted (based on the first preemption boundary value)
sooner than when such request is not received. For example,
the second preemption boundary value may be larger than
the first preemption boundary value. In this manner, the
present methods and apparatus avoid a disadvantage (e.g.,
inefficient data transfer between the memory 106 and a
DMA engine 104) of maintaining a low preemption bound-
ary value and a disadvantage (e.g., inefficient data transfer
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between the memory 106 and a processor 102) of maintain-
ing a high preemption boundary value during operation of
the apparatus 100.

[0040] The foregoing description discloses only exem-
plary embodiments of the invention. Modifications of the
above disclosed apparatus and methods which fall within the
scope of the invention will be readily apparent to those of
ordinary skill in the art. For instance, although in some
embodiments, the preemption boundary adjustment logic
116 and register 114 for storing a preemption boundary
adjustment value are included in the memory controller 112,
in other embodiments, the preemption boundary adjustment
logic 116 and/or register 114 for storing the preemption
boundary adjustment value may be located elsewhere in the
apparatus 100. Further, although the present methods and
apparatus are described above as sharing memory bandwidth
between a processor and one or more DMA engines, in a
broader aspect, the present methods and apparatus may share
memory bandwidth efficiently between a plurality of any
requesters for memory bandwidth. In some embodiments,
the preemption boundary value may be selected such that a
DMA transfer may be interrupted and/or preempted up to
eight times (although the value may be selected such that the
DMA transfer may be interrupted and/or preempted a larger
or smaller number of times). In some embodiments, the
memory controller 112 may toggle the preemption boundary
value between a maximum value (e.g., 256 bytes) for
maximizing memory bandwidth provided to DMA transfers
while the processor is in the user state, and a minimum value
(e.g., 64 bytes) for reducing processor latency while the
processor 102 is in the interrupt state. Although the second
exemplary method employs two preemption boundary val-
ues, a larger or smaller number of preemption boundary
values may be employed.

[0041] Accordingly, while the present invention has been
disclosed in connection with exemplary embodiments
thereof, it should be understood that other embodiments may
fall within the spirit and scope of the invention, as defined
by the following claims.

The invention claimed is:
1. A method, comprising:

sharing memory bandwidth between a processor and one
or more direct memory access (DMA) engines;

providing memory bandwidth to a DMA engine;

starting a data transfer between a memory and the DMA
engine, via the memory bandwidth, based on a first
preemption boundary value, wherein the data transfer
may be preempted after transferring an amount of data
equal to an integral multiple of the first preemption
boundary value;

while transferring data between the memory and DMA
engine, determining whether a request for memory
bandwidth is received from the processor, wherein the
processor is in an interrupt state; and

if a request for memory bandwidth is received from the
processor in the interrupt state, adjusting the first pre-
emption boundary value such that the adjusted preemp-
tion boundary value enables the processor to receive
memory bandwidth sooner than the first preemption
boundary value.
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2. The method of claim 1 wherein providing memory
bandwidth to a DMA engine includes:

determining a DMA engine is a higher priority requester
of memory bandwidth than the processor and remain-
ing DMA engines; and

thereafter, providing memory bandwidth to the DMA

engine.

3. The method of claim 1 wherein adjusting the first
preemption boundary value such that the adjusted preemp-
tion boundary value enables the processor to receive
memory bandwidth sooner than the first preemption bound-
ary value includes reducing the first preemption boundary
value.

4. The method of claim 1 further comprising, based on the
adjusted preemption boundary, continuing the data transfer
between the memory and the DMA engine, via the memory
bandwidth.

5. The method of claim 4 wherein, based on the adjusted
preemption boundary, continuing the data transfer between
the memory and the DMA engine, via the memory band-
width, includes continuing to transfer data between the
memory and the DMA engine, via the memory bandwidth,
until an amount of data equal to an integral multiple of the
adjusted preemption boundary is transferred.

6. The method of claim 4 further comprising:

providing memory bandwidth to the processor; and

transferring data between the memory and the processor,
via the memory bandwidth, based on the adjusted
preemption boundary value.
7. The method of claim 6 wherein providing memory
bandwidth to the processor includes:

determining the processor is a higher priority requester of
memory bandwidth than the one or more DMA
engines; and

thereafter, providing memory bandwidth to the processor.
8. The method of claim 6 further comprising:

adjusting the adjusted preemption boundary value to a
second adjusted preemption boundary value such that
the second adjusted preemption boundary value
enables the DMA engine to transfer more data without
a preemption than the adjusted preemption boundary
value;

providing memory bandwidth to the DMA engine; and

based on the second adjusted preemption boundary value,
continuing the data transfer between the memory and
DMA engine.

9. The method of claim 8 wherein the second adjusted
preemption boundary value is the first preemption boundary
value.

10. The method of claim 8 wherein providing memory
bandwidth to the processor includes:

determining the DMA engine is a higher priority requester
of memory bandwidth than the processor and remain-
ing DMA engines; and

thereafter, providing memory bandwidth to the processor.

11. The method of claim 8 wherein adjusting the adjusted
preemption boundary value to a second adjusted preemption
boundary value includes increasing the adjusted preemption
boundary value.
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12. An apparatus, comprising:

a processor;

one or more direct memory access (DMA) engines;
a memory;

an arbiter for coupling the processor and one or more
DMA engines to the memory, thereby defining a
memory bandwidth; and

logic, coupled to the memory and arbiter, and adapted to:

share memory bandwidth between the processor and
one or more DMA engines;

provide memory bandwidth to a DMA engine;

start a data transfer between the memory and the DMA
engine, via the memory bandwidth, based on a first
preemption boundary value, wherein the data trans-
fer may be preempted after transferring an amount of
data equal to an integral multiple of the first pre-
emption boundary value;

while transferring data between the memory and DMA
engine, determine whether a request for memory
bandwidth is received from the processor, wherein
the processor is in an interrupt state; and

if a request for memory bandwidth is received from the

processor in the interrupt state, adjust the first pre-

emption boundary value such that the adjusted pre-

emption boundary value enables the processor to

receive memory bandwidth sooner than the first
preemption boundary value.

13. The apparatus of claim 12 wherein the logic is further

adapted to:

determine the DMA engine is a higher priority requester
of memory bandwidth than the processor and remain-
ing DMA engines; and

thereafter, provide memory bandwidth to the DMA

engine.

14. The apparatus of claim 12 wherein the logic is further
adapted to reduce the first preemption boundary value.

15. The apparatus of claim 12 wherein the logic is further
adapted to, based on the adjusted preemption boundary,
continue the data transfer between the memory and the
DMA engine, via the memory bandwidth.

16. The apparatus of claim 15 wherein the logic is further
adapted to continue to transfer data between the memory and
the DMA engine, via the memory bandwidth, until an
amount of data equal to an integral multiple of the adjusted
preemption boundary is transferred.

17. The apparatus of claim 15 wherein the logic is further
adapted to:

provide memory bandwidth to the processor; and

transfer data between the memory and the processor, via
the memory bandwidth, based on the adjusted preemp-
tion boundary value.
18. The apparatus of claim 17 wherein the logic is further
adapted to:

determine the processor is a higher priority requestor of
memory bandwidth than the one or more DMA
engines; and

thereafter, provide memory bandwidth to the processor.
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19. The apparatus of claim 17 wherein the logic is further
adapted to:

adjust the adjusted preemption boundary value to a sec-
ond adjusted preemption boundary value such that the
second adjusted preemption boundary value enables
the DMA engine to transfer more data without a
preemption than the adjusted preemption boundary
value;

provide memory bandwidth to the DMA engine; and

based on the second adjusted preemption boundary value,
continue the data transfer between the memory and
DMA engine.

20. The apparatus of claim 19 wherein the second
adjusted preemption boundary value is the first preemption
boundary value.

21. The apparatus of claim 19 wherein the logic is further
adapted to:

determine the DMA engine is a higher priority requestor
of memory bandwidth than the processor and remain-
ing DMA engines; and

thereafter, provide memory bandwidth to the processor.
22. The apparatus of claim 19 wherein the logic is further

adapted to increase the adjusted preemption boundary value.
23. A method, comprising:

sharing memory bandwidth between a processor and one
or more direct memory access (DMA) engines;

providing memory bandwidth to a DMA engine;

starting a data transfer between a memory and the DMA
engine, via the memory bandwidth, based on a first and
second preemption boundary values, wherein the data
transfer may be preempted after transferring an amount
of data equal to an integral multiple of at least one of
the first and second preemption boundary values and
wherein the first preemption boundary value is smaller
than the second preemption boundary value;

determining whether an amount of data equal to an
integral multiple of at least one of the first and second
preemption boundary values is transferred;

if an amount of data equal to an integral multiple of the
first preemption boundary value is transferred, deter-
mining whether a request for memory bandwidth is
received from a processor in an interrupt state; and

if a request for memory bandwidth is received from a
processor in an interrupt state, providing memory band-
width to the processor in the interrupt state.

24. The method of claim 23 further comprising, if a
request for memory bandwidth is received from a processor
in an interrupt state, transferring data between the memory
and the processor in the interrupt state.

25. The method of claim 24 further comprising:

upon completion of transferring data between the memory
and the processor in the interrupt state, providing
memory bandwidth to the DMA engine; and

continuing the data transfer between the memory and
DMA engine based on the first and second preemption
boundary values.
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26. The method of claim 23 further comprising, if a
request for memory bandwidth is not received from a
processor in an interrupt state:

providing memory bandwidth to the DMA engine; and

continuing the data transfer between the memory and the
DMA engine based on the first and second preemption
boundary values.

27. The method of claim 23 further comprising:

if an amount of data equal to an integral multiple of the
second preemption boundary value, which is not an
integral multiple of the first preemption boundary
value, is transferred, determining whether a request for
memory bandwidth is received from a processor; and

if a request for memory bandwidth is received from a
processor, providing memory bandwidth to the proces-
SOr.

28. The method of claim 27 further comprising, if a
request for memory bandwidth is received from a processor,
transferring data between the memory and the processor.

29. The method of claim 28 further comprising:

upon completion of transferring data between the memory
and the processor, providing memory bandwidth to the
DMA engine; and

continuing the data transfer between the memory and
DMA engine based on the first and second preemption
boundary values.
30. The method of claim 27 further comprising, if a
request for memory bandwidth is not received from a
processor:

providing memory bandwidth to the DMA engine; and

continuing the data transfer between the memory and the
DMA engine based on the first and second preemption
boundary values.

31. An apparatus, comprising:

a processor;
one or more direct memory access (DMA) engines;
a memory;

an arbiter for coupling the processor and one or more
DMA engines to the memory, thereby defining a
memory bandwidth; and

logic, coupled to the memory and arbiter, and adapted to:

share memory bandwidth between the processor and
one or more DMA engines;

provide memory bandwidth to a DMA engine;

start a data transfer between the memory and the DMA
engine, via the memory bandwidth, based on a first
and second preemption boundary values, wherein the
data transfer may be preempted after transferring an
amount of data equal to an integral multiple of at
least one of the first and second preemption bound-
ary values and wherein the first preemption boundary
value is smaller than the second preemption bound-
ary value;

determine whether an amount of data equal to an
integral multiple of at least one of the first and
second preemption boundary values is transferred;
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if an amount of data equal to an integral multiple of the
first preemption boundary value is transferred, deter-
mine whether a request for memory bandwidth is
received from the processor in an interrupt state; and

if a request for memory bandwidth is received from the
processor in an interrupt state, provide memory
bandwidth to the processor in the interrupt state.
32. The apparatus of claim 31 wherein the logic is further
adapted to, if a request for memory bandwidth is received
from the processor in an interrupt state, transfer data
between the memory and the processor in the interrupt state.
33. The apparatus of claim 32 wherein the logic is further
adapted to:

upon completion of transferring data between the memory
and the processor in the interrupt state, provide
memory bandwidth to the DMA engine; and

continue the data transfer between the memory and DMA
engine based on the first and second preemption bound-
ary values.
34. The apparatus of claim 31 wherein the logic is further
adapted to, if a request for memory bandwidth is not
received from the processor in an interrupt state:

provide memory bandwidth to the DMA engine; and

continue the data transfer between the memory and the
DMA engine based on the first and second preemption
boundary values.
35. The apparatus of claim 31 wherein the logic is further
adapted to:

if an amount of data equal to an integral multiple of the
second preemption boundary value, which is not an
integral multiple of the first preemption boundary
value, is transferred, determine whether a request for
memory bandwidth is received from the processor; and

if a request for memory bandwidth is received from the
processor, provide memory bandwidth to the processor.
36. The apparatus of claim 35 wherein the logic is further
adapted to, if a request for memory bandwidth is received
from the processor, transfer data between the memory and
the processor.
37. The apparatus of claim 36 wherein the logic is further
adapted to:

upon completion of transferring data between the memory
and the processor, provide memory bandwidth to the
DMA engine; and

continue the data transfer between the memory and DMA
engine based on the first and second preemption bound-
ary values.
38. The apparatus of claim 35 wherein the logic is further
adapted to, if a request for memory bandwidth is not
received from a processor:

provide memory bandwidth to the DMA engine; and

continue the data transfer between the memory and the
DMA engine based on the first and second preemption
boundary values.



